A small-angle neutron scattering experiment was carried out in order to investigate a pressure-induced phase transition in an AOT ͑dioctyl sulfosuccinate sodium salt͒/water/n-decane system. The samples, 20.9%, 22.4%, and 23.0% of AOT, dissolved in an equal volume fraction of water and oil, are known to be a dense waterin-oil droplet structure at ambient temperature and pressure. With increasing pressure, a structural phase transition was observed. At higher pressure, the systems turned into two phases; a lamellar phase at the lower part of the cell and a bicontinuous phase at the upper part. A pressure dependence of the mean repeat distance for each structure was obtained. The disorder parameter both in the water-in-oil droplet structure at lower pressure and in the bicontinuous structure at higher pressure followed a unique function.
I. INTRODUCTION
Complex fluid systems, such as polymers, biological membranes, micelles, and microemulsions, have been widely investigated in order to clarify various structures they take as well as mechanisms of their self-organization. Microemulsions are typical of such systems, which are mainly composed of water, oil, and amphiphile, and in some cases alcohol or cosurfactant as a fourth or fifth component. They form various complex structures, such as water-in-oil or oil-inwater droplet, bicontinuous, lamellar, hexagonal, etc., depending on their compositions and external conditions such as temperature or pressure. Their characteristic length scales range from tens to hundreds of angstroms, thus these mixtures are generally transparent. Amphiphile molecules, being located at the oil-water interface, decrease the interfacial tension drastically, and stabilize their mesoscopic scale structures. In recent decades, microemulsion systems have been extensively investigated in view of structural formations, phase stability, self-organization processes, and interaction between ingredients ͓1-4͔.
The main parameters that characterize their structures are the amount of interfaces and the spontaneous curvature of membranes. When the concentration of amphiphiles is increased, large amounts of interfaces are formed and microemulsion structure becomes more ordered, such as hexagonal, cubic, or lamellar ͓5͔. The concept of ''spontaneous curvature'' was first proposed by de Gennes and Taupin in 1982 ͓6͔. A packing property of amphiphilic molecules seems to determine the spontaneous curvature of the amphiphilic layer in the first approximation. When the size of a polar head is effectively smaller than that of a hydrocarbon chain, the amphiphile layer tends to curve toward the water region. In this case, the water-in-oil droplet structure is favored. The packing property is defined not only by the ''real shape'' of molecules, but also by the hydrophile-lipophile balance ͑HLB͒ of membranes or the interaction between amphiphile molecules. Therefore, this property could be changed with varying external conditions such as temperature and/or a concentration of counterions, etc., and subsequently, a structural phase transition occurs. This hypothesis has been well confirmed by various experimental evidence of phase transitions induced by varied temperature and concentration of ingredients ͓7,8͔. For example, a temperatureinduced phase transition between bicontinuous and lamellar structure in a nonionic surfactant C i E j /water/oil system was investigated and its mean curvature of the amphiphile layer changed linearly from negative to positive with increasing temperature ͓9,10͔.
The structural behavior of mixtures of AOT ͑dioctyl sulfosuccinate sodium salt͒, water, and n-alkane has been intensively studied by many researchers, because it leads to the formation of stable one-phase dispersions over a wide range of compositions at ambient temperature and pressure without any additives. When about 20 vol % of AOT is dissolved in a mixture of water and oil at the same volume fraction, its structure at ambient temperature and pressure was verified to be a dense water-in-oil droplet by the experimental evidences of the electric conductivity and the freeze fracture electron microscopy ͓11,12͔. Adding a small amount of salt makes the amphiphile property balanced and induces a bicontinuous structure around the HLB temperature ͓13͔. Although small-angle x-ray ͑SAXS͒ and neutron scattering ͑SANS͒ techniques are usually suitable to find structures of microemulsions, it is not easy to distinguish from the scattering profiles whether the system takes the dense droplet structure or the bicontinuous, because the scattering profiles from the two structures are characterized only by a broad single peak. Therefore, we called the structure with a broad single peak the ''microemulsion structure'' hereafter. Details will be expressed in Sec. II.
With increasing temperature, a phase transition from the *Electronic address: nagao@red.issp.u-tokyo.ac.jp droplet phase to the ordered lamellar structure has been observed in the same system ͓13,14͔. A small-angle scattering profile from the lamellar structure is characterized by two features; one is a sharp Bragg peak originated from the stacking of membranes accompanied with some higher order peaks, and the other is a small-angle diffuse scattering originated from the concentration fluctuation of amphiphile molecules and an undulation of the lamellar membranes. Kotlarchyk et al. performed a SAXS measurement from the lamellar structure in the AOT system and introduced a paracrystal model ͓14͔ to interpret the observed scattering profiles; they assumed that the lamellar structure contains a randomly oriented assembly of lamellar microdomains or stacks. Although their model could explain the SAXS profiles from samples with small water-to-surfactant ratio, the scattering profile with large water-to-surfactant ratio was poorly explained. A more convincing model proposed by Nallet et al. ͓15͔ will be explained in Sec. II.
Although pressure is an important physical parameter for structural formation of various systems, few experiments have been done because the experimental technique is rather difficult compared with other techniques, for example, temperature variation. Eastoe et al. investigated pressure effects on phase behavior of various droplet microemulsion systems by means of SANS and dynamical light scattering ͑DLS͒ ͓16͔. For AOT systems, the effect of pressure depends on the kind of n-alkane; for alkanes whose carbon number Cу6, phase boundaries on the P-T phase diagram have a negative slope, while for CϽ6, phase boundaries have a positive slope. This means that increasing pressure plays the same role as increasing temperature for the case of Cу6, however the effect is opposite for CϽ6. They also reported a pressure dependence of the size of droplets for various water-in-oil droplet microemulsion systems ͓17͔. It tends to increase with increasing pressure for nonionic surfactant systems, while it is independent of pressure for ionic surfactant systems. A similar experiment was done by Fulton and Smith for an AOT/water/supercritical propane ͓18͔. They showed that the different compressibilities of water, oil, and amphiphiles are an origin of the structural changes under pressure variation experiments. Saïdi et al. investigated a pressure-induced percolation phenomenon in an AOT/water/undecane system by means of an electrical conductivity measurement and a cloud point method ͓19͔. They claimed that the feature of the pressure-induced percolation is quite similar to the temperature-induced percolation ͓11͔. They determined a P-phase diagram, which was essentially the same as the T-phase diagram given by Cametti et al. ͓11͔ , where is the volume fraction of water and surfactant against the whole volume and corresponds to the number density of droplets. Therefore, they suggested that the high-pressure phase is the ordered lamellar as the case of the high-temperature phase ͓19͔. Recently, Nagao et al. have shown experimental evidence of SANS that the dense water-in-oil droplet phase of an AOT/water/n-decane system transformed to the ordered lamellar structure by applying pressure ͓20͔. They confirmed that pressure induces the same phase transition as temperature, however they indicated that the pressure dependence of the characteristic repeat distance was different from the temperature dependence.
In this paper we describe further SANS results on the pressure-induced phase transition, from the dense water-inoil droplet to the lamellar structure. We have found that at higher pressure, the system is in a two-phase with a lamellar structure at the lower part of the cell and a bicontinuous structure at the upper part. Pressure dependences of two characteristic length scales, the mean repeat distance d and the correlation length , were obtained from the measured scattering profiles. The pressure dependence of a disorder parameter D(ϰd/), of both the lower and the higher pressure phases, could be normalized to fall into a unique function for all the samples investigated.
II. THEORY
In order to explain the broad single peak profile of smallangle scattering from the ''microemulsion structure,'' Teubner and Strey proposed a simple function derived from an expansion of a phenomenological Ginzburg-Landau free energy ͓21͔. The microemulsion structure is characterized by an alternative distribution of water and oil domains, for which they introduced the following spatial correlation function:
where the parameters d m and m are the mean repeat distance between water ͑oil͒ domains and the correlation length, respectively. The suffix ''m'' means a value characterizing the microemulsion structure. From the Fourier transformation of the correlation function, a scattering function was calculated as
In their model, the d m and m are obtained from the fitting parameters A, B, and C using the formulas
Although the scattering function is quite simple, it could explain many experimental results successfully ͓3,13,22͔. Chen et al. proposed a disorder parameter D m ϭd m /2 m in order to estimate the degree of polydispersity in the size of oil or water domains. They predicted that the droplet structure can be identified if the parameter D m is less than D 0 ϭ0.446 in distinction from that of the bicontinuous structure, empirically ͓22͔.
There are some other models that take the place of Teubner and Strey's models, for example, Gompper and Schick's theory ͓23͔ and the modified Berk random wave model ͓24͔. The former is based on a lattice model of microemulsion and explained in SANS profiles at a higher-Q region better than Teubner and Strey's model, because the higher order of the free energy functional is included ͓23͔. In their model, the two characteristic length scales d m and m are obtained as in the case of Teubner and Strey. The latter model, proposed by Choi and Chen ͓24͔, extended Teubner and Strey's model by including a third characteristic length scale. This model could explain the SANS profile from the bicontinuous structure in better fashion, incorporating the average mean curvature and the Gaussian curvature of the interface. In their model, however, the Gaussian curvature was determined to be always negative, therefore it cannot be applied to the droplet structure. Because Teubner and Strey's model is more general to explain both the bicontinuous and the droplet structure, we find that it is more appropriate to use this model to analyze the present successive structural change.
A model proposed by Nallet et al. is useful to explain SANS profiles from the lamellar structure ͓15͔. In their theory, the scattering from the lamellar structure consists of two parts: one is the quasi-Bragg peak due to the stacking of the lamellar membranes and the other is small-angle diffuse scattering originating from the concentration fluctuation of amphiphile molecules as described in Sec. I. They assumed that the lamellar structure is stabilized by the short-range ͑hydration and screened electrostatic͒ interactions as well as the long-range ͑van der Waals and electrostatic͒ interactions. The lamellar membranes are assumed to be characterized by the Helfrich elastic energy density ͓25͔. Their theory is applicable to perfectly oriented dilute lamellar structures. By their model, many physical constants can be calculated from the scattering profiles by fitting to their equation, although it requires high-resolution spectroscopy. Unfortunately, the Q resolution of neutron scattering experiments is not always sufficient for this purpose. Therefore they simplified the theoretical description using a Lorentzian form ͓15͔ for the z direction which is perpendicular to amphiphile layers,
where Q 0 , , and l are the center of a first-order peak, the correlation length of the concentration fluctuation of amphiphilic molecules, and the spatial correlation length of the lamellar membranes, respectively. The first term represents the small-angle diffuse scattering and the second represents the quasi-Bragg scattering corresponding to the stacking of the lamellar membranes. The periodic repeat distance of the lamellar membranes d l can be given by d l ϭ2/Q 0 .
III. EXPERIMENT
The AOT used was purified before mixing by a method from Kunieda and Shinoda ͓26͔; after removing excess oil from 99% of AOT purchased from Sigma, the purified AOT was extracted with benzene. The 99% of D 2 O and 99.9% of n-decane were purchased from Isotec Inc. and Katayama Chemical Company, respectively, and used without further purification. An equal volume fraction of water and oil was mixed with AOT at volume fractions s ϭ0.209, 0.224, and 0.230. These mixtures were known to be dense water-in-oil droplet structures at ambient temperature and pressure.
The samples were contained in a high-pressure cell for SANS ͓27͔. The main body of the cell was made of stainless steel. Two 20-mm-thick truncated cone-shape sapphires were used as windows in order to pass the neutron beam and to keep the sample inside against the pressure. The sapphires were tightly held by stainless rings directly. Two copper rings and one Teflon ring including powdered copper were placed between a sapphire holder ring and the main body. The sample thickness can be changed from 0.3 to 1.5 mm with a Cu metal spacer. In our experiments, 0.3 and 0.5 mm spacers were used to optimize the scattering intensity. A pressure was applied to the sample through a 1:1 free piston through a hand pump. Kerosene was used as the pressurizing liquid. The pressure was measured with a 6 in. Heise gauge with an accuracy of Ϯ0.5 MPa. The high-pressure cell was covered with an aluminum thermal shield with a quartz window in order to avoid temperature fluctuations. All the measurements were performed under constant room temperature of Tϭ297.7Ϯ0.5 K.
SANS experiments were carried out at the SANS-U spectrometer in JRR-3M of Japan Atomic Energy Research Institute ͑JAERI͒, Tokai ͓28͔. The 7 Å incident cold neutron beam was mechanically selected with a resolution of 10%. A two-dimensional position sensitive detector was placed 2 m from the sample position in order to cover the momentum transfer range of 0.015рQр0.144 Å Ϫ1 . All the measured data were calibrated to an absolute intensity with a Lupolen standard.
IV. RESULTS
In Fig. 1 , a typical pressure variation of SANS profiles for a sample s ϭ0.224 is shown. Two-dimensional data were radially integrated to represent an average feature independent of directions. The tendency of the change of the profile with increasing pressure was qualitatively the same as what Nagao et al. have shown before ͓20͔. At ambient pressure a broad peak existed at Qϳ0.05 Å Ϫ1 . With increasing pressure, this peak shifted a little to higher Q up to P s ϭ8.7 MPa ( P s is defined as the transition start pressure͒ and moved to lower Q above P s and gradually vanished. At 45.2 MPa, a new sharp peak appeared at Qϳ0.09 Å Ϫ1 and it successively grew with increasing pressure. Above P f ϭ50.5 MPa ( P f represents the transition finish pressure͒, a FIG. 1. SANS profiles for the sample s ϭ0.224 at various pressures. A peak at lower Q corresponds to the dense water-in-oil droplet structure and the peak at higher Q represents the lamellar structure. The peak position of lower Q shifted with increasing pressure and the peak height decreased; subsequently the peak at the higher Q grew above 45 MPa. The lines are the results of fitting ͑see text͒. slight increase of the lamellar peak was observed. The same behavior was observed for all the samples. The broad single peak from the low-pressure phase could be explained by Teubner and Strey's formula ͓Eq. ͑2͔͒. The SANS profile from the high-pressure phase could be successfully fitted by the equation proposed by Nallet et al. ͓Eq. ͑5͔͒. At a transient phase between P s and P f , a linear combination of Eqs. ͑2͒ and ͑5͒ was utilized in order to explain the observed profile which must contain both the microemulsion and the lamellar structure. Solid lines in Figs. 1 and 2 are the results of fitting to these equations.
In order to check whether each phase was uniform or not, lower and upper parts of the samples were irradiated by neutron beams separately. Because the aperture of the highpressure cell is 20 mm, and the neutron beam size was selected to be 3 mm, we focused on a position 5 mm from the top of the window as the upper part, and on 5 mm from the bottom as the lower part. ͓See the insets in Figs. 2͑a͒ and 2͑b͒.͔ The pressure dependences of the SANS profile from both the upper and the lower part for the sample of s ϭ0.230 are shown in Figs. 2͑a͒ and 2͑b͒ , respectively. Below P s these profiles were essentially the same, i.e., the lowpressure phase is a single phase. Above P s the scattering profiles at the lower and the upper part became different. At Pϭ44.5 MPa, a sharp peak around Qϳ0.09 Å Ϫ1 was observed from the lower part, while not from the upper. With increasing pressure, the sharp peak at the lower part grew slightly above 44.5 MPa. ͓See Fig. 2͑b͒ .͔ In this process, the broad peak originated from the low-pressure phase decreased monotonously and vanished completely at P f (ϭ48.8 MPa). On the other hand, at the upper part, the broad peak did not disappear up to the highest pressure we reached. ͓See Fig. 2͑a͒ .͔ The peak position shifted a little to lower Q up to Pϭ P f , at the same time a broadening of the peak was observed. At 30.5 MPa ͑slightly above P s ). a small shoulder appeared around Qϭ0.09 Å Ϫ1 , which might correspond to the lamellar structure, however the shoulder did not grow further and vanished above this pressure. All the profiles from the upper part seem essentially the same except for the small shoulder, and they could be explained by Teubner and Strey's formula ͓Eq. ͑2͔͒.
The scattering pattern of the high-pressure lamellar structure obtained with the two-dimensional neutron counter is shown in Fig. 3 . The y direction is parallel to the direction of gravity. It clearly shows that the intensity of the lamellar peak along the y direction is higher than that along the x direction. This tendency is the same for all the samples in the lamellar structure. In Fig. 4 , intersections of Fig. 3 through the beam center along the x and y axes are shown. The solid line indicates the fit result to Eq. ͑5͒. In Table I the resultant fit parameters are given. The Bragg peak position Q 0 was almost the same, however the peak height F along the y direction was larger than that along the x direction. On the other hand, the low-Q diffuse scattering characterized by E and was the same within error bars, both along the x and y axes. This means that the concentration fluctuation of the amphiphile molecules did not depend on the direction. The difference of the profiles between the x and y axes is only the 
FIG. 3.
A contour map of the SANS profile obtained from the lamellar structure of the sample s ϭ0.224 at Pϭ100 MPa. The y axis is parallel to the gravity. The peak intensity in the y direction was higher than that in the x direction. This tendency is the same for all the samples of the lamellar structure. Units along the x and y directions are the channel number of the two-dimensional detector, respectively. peak height of the Bragg peak of the lamellar membranes. This means that the structure in the lamellar phase was essentially the same for each direction except for the degree of stacking of the membranes. Therefore, all the data could be radially averaged to reveal an averaged structural feature. The reason for the anisotropy of the Bragg peak will be discussed in Sec. V.
It is difficult to separate the scattering profiles of the lamellar structure from that of the microemulsion in the transient phase between P s and P f , because the low-Q diffuse scattering from the lamellar structure cannot easily be separated from the broad peak of the microemulsion structure. Therefore, we analyzed them by assuming that a ratio of the two terms in Eq. ͑5͒, i.e., the ratio of the intensity of the low-Q diffuse scattering ͑E͒ to that of the quasi-Bragg peak ͑F͒, was kept constant even in the transient phase.
From these procedures, the pressure dependences of the characteristic mean repeat distances d m and d l for both the microemulsion structure ͑subscript m͒ and the lamellar structure ͑subscript l͒ were obtained as shown in Fig. 5 . With increasing pressure, the d m gradually decreased below P s , subsequently it increased between P s and P f , and finally it remained constant above P f . Above P s , the lamellar structure appeared and the d l was about 75 Å. It decreased slightly with increasing pressure and arrived at a constant value, d l f ϭ69 Å at P f . In Fig. 6 , the s dependence of d m0 , which is d m at ambient pressure, d l f above P f , and in addition to the s dependence of P s are summarized. In order to explain the s dependence of the d m0 , a phenomenological explanation of the droplet structure was proposed by Kotlarchyk et al. ͓29͔ . They assumed that water droplets coated by an AOT monolayer dispersed in oil and formed a densely packed structure like a cubic phase. They derived a relation between d m0 and s as follows:
where ⌬ is the molecular length of AOT defined by the ratio of the steric volume of an AOT molecule to the average head group area. The solid line in Fig. 6 indicates the result of fitting. The obtained value ⌬ϭ13.7Ϯ0.1 Å was consistent with the value in the literature ͓29͔. The d l f was independent of the s , and this behavior was completely different from the temperature-induced phase transition, in which the characteristic repeat distance of the lamellar structure decreased with increasing s ͓30͔. In order to clarify the structure of the microemulsion, which was found at low pressure and in the upper part at high pressure, the disorder parameter D m (ϭd m /2 m ) was calculated. It is remarked that the D m at low pressure was below D 0 ϭ0.446, and at PϾ P s the D m went above D 0 . This result confirmed that the low-pressure phase is the droplet structure and in the upper part at high pressure it is bicontinuous. In Fig. 7 , the pressure dependence of D m is summarized as a function of the biased pressure P-P s . The D l (ϭd l /2 l ) for the lamellar is also shown. All the curves seem to fall into a unique curve both for the microemulsion and the lamellar structure.
From these results, the pressure-induced phase transition is summarized as follows. With increasing pressure from ambient pressure, the droplet structure becomes disordered. TABLE I. Result of the fitting to Eq. ͑5͒ for the scattering profiles of the lamellar of the x and y directions for the sample s ϭ0.224 at Pϭ100 MPa. When the pressure crosses the P s , the lamellar structure appears and the rest of the sample becomes disordered bicontinuous. Between P s and P f , the lamellar structure grows at the lower part. However, between P s and P f , the upper part remains bicontinuous and becomes more disordered, and finally above P f , the system is stabilized as the coexistence of the lamellar and the bicontinuous structure.
V. DISCUSSION
Below P s , the mean repeat distance between droplets, d m , decreases with increasing pressure. A similar behavior was observed with increasing temperature ͓30͔, which could be understood taking the experimental result in a dilute droplet system presented by Kotlarchyk et al. ͓31͔ into consideration. They indicated that the radius of droplets decreased with increasing temperature. Because the volumes of ingredients are conserved, a number of droplets increases with increasing temperature, and the d m should decrease. Therefore, we argue that the same process occurred in the case of the pressure variation. At Pϭ P s , small domains of lamellar structure appear everywhere in the low-pressure phase matrix, and it turns out to coexist with the microemulsion. Subsequently between P s and P f , the lamellar domains grow in size gradually with increasing pressure and fall down toward the lower part of the cell because of gravity. The upper part at high pressure loses amphiphile molecules in the transition process; its s decreases effectively and the d m increases. Above P f , both the d m and the d l are kept constant. If the mean distance between membranes in the lamellar structure is determined by the thermodynamic condition of the Helfrich repulsion ͑discussed below͒, it remains almost the same independent of s .
The pressure dependence of the disorder parameter D is quite impressive in the present results. Although the name of D is ''disorder parameter,'' it is not an inverse of the order parameter, because the latter is a conserved quantity. If we select the surfactant concentration s as an order parameter following some other previous works ͓32͔, the phase separation into the surfactant rich phase and the poor phase can be explained. However, we believe that the D must express a degree of ''disorder'' in some sense. Because the D is extracted from a profile of a correlation peak around Q ϭ0.05 Å Ϫ1 , it must be reflected by a degree of ''disorder'' in this semimicroscopic length scale of about 100 Å. Thus we argue that the ''disorder parameter'' D m for the microemulsion structure can be interpreted as an inverse of a ''semimicroscopic order parameter.'' This is the reason why the observed D m 's for all the samples could fall into a unique function using only one parameter P s .
In the present study, the anisotropic quasi-Bragg scattering from the stack of membranes and the isotropic diffuse scattering from the concentration fluctuation were observed from the lamellar structure. So far, the anisotropy of the diffuse scattering has been discussed in connection with an interaction between membranes that stabilize the lamellar structure. In the binary AOT/water system, the lamellar structure is believed to be stabilized by electrostatic forces between membranes ͓33,34͔. In such a case, anisotropic small-angle diffuse scattering perpendicular to the membranes was observed. This is because the electrostatic interaction tends for the membranes to be flat and the density of amphiphile molecules can fluctuate within the membranes. On the other hand, in the case where the Helfrich repulsion mainly stabilizes the lamellar structure, the concentration fluctuation of amphiphile molecules is governed by the flexibility of the membranes ͓15͔. If membranes are flexible enough, they undulate easily and the diffuse scattering becomes isotropic. In the present ternary microemulsion case, the diffuse scattering is isotropic although the lamellar membranes are oriented with its normal axis almost parallel to gravity. This result indicates that the Helfrich repulsion stabilizes the lamellar stacking in this system.
In general, an isotropic quasi-Bragg scattering from the lamellar structure of the ternary microemulsion system is observed unless microdomains of the lamellar are oriented by some method, for example, using a sample holder full of thin quartz plates ͓15͔. It is known that long molecules, for example liquid crystal, can be aligned to a surface of a glass plate. Therefore, we have checked the effect of the thickness of a sample cell on the anisotropy of the quasi-Bragg scattering by a temperature-induced lamellar structure, because it was difficult to make the sample cell thicker than 1.5 mm using the high-pressure cell. We could observe a slight anisotropic quasi-Bragg scattering from the sample of 1 mm t , however an isotropic scattering was observed from the 2 mm t sample. From these results, we can conclude that the anisotropic quasi-Bragg scattering from the high-pressure lamellar phase was due to the interaction between sapphire windows and the sample inside.
As described in Sec. I, phase transitions among various semimicroscopic structures occur when the hydrophilelipophile balance ͑HLB͒ of amphiphile changes with varying external conditions. In the case of AOT, amphiphile membranes favor to curve toward water, and the water-in-oil droplet structure is formed at ambient temperature and pressure. Normally, the nature of an ionic amphiphile is changed from lipophilic to hydrophilic by increasing temperature because the dissociation of the counterion in the head group will increase. Thus the spontaneous curvature approaches zero, the amphiphile membrane favors to be flat, and the lamellar structure is stabilized. In the case of a pressureinduced phase transition, it is natural to interpret that pressure affects the HLB, the spontaneous curvature changes, and phase transition occurs. Actually, Eastoe et al. showed that the effect of pressure on the phase behavior was the same as that of temperature in the case of Cϭ10 ͑n-decane͒ ͓16͔. However, the origin of the pressure effect on HLB must not be the same as that of temperature. As described in Sec. I, the pressure dependence of phase behavior was not the same for the cases where the carbon number of alkane is less than 6 or above 6. This evidence showed that an interaction between lipophilic tails of AOT and oil molecules should also be considered in order to understand the effect of pressure on the phase transition. This may be the reason why the s dependence of the d l f was different from the case of the temperature-induced lamellar. We believe that not only the interaction between water and amphiphile but also the interaction between amphiphile and oil molecules should be considered to understand the pressure-induced phase transition. Because the difference between these two phase transitions is important, the details will be discussed in our following paper ͓30͔.
VI. CONCLUSION
In this work, pressure-induced phase transition from the dense water-in-oil droplet structure to the coexistence phase of the bicontinuous and the lamellar was confirmed by means of small-angle neutron scattering. The high-pressure lamellar phase existed at the lower part, while the bicontinuous microemulsion existed at the upper part. The pressure dependences of the mean repeat distance in both the microemulsion phase (d m ) and the lamellar phase (d l ) were obtained. The disorder parameter D's for all the samples measured can fall into a unique function of P-P s . Below P s , the system formed a dense water-in-oil droplet microemulsion and the interdroplet distance decreased with increasing pressure. Above P s , the lamellar structure appeared and the rest of the system became bicontinuous.
